The paper deals with the effect of high-frequency excitation on the buckling of a hinged-hinged beam. The hinged supporting points suffer the bending moment due to Coulomb friction. Even if it is very small, in the neighborhood of the critical point of the buckling, it has been known that the stable equilibrium region appears around the branches in the case without Coulomb friction. In this paper, it is theoretically clarified that the equilibrium region is shifted by high-frequency excitation.
Introduction
Dynamics of a hinged-hinged beam is theoretically investigated under high-frequency excitation. There have been many studies on the stabilization of buckled beams by the high-frequency excitation [1, 2, 3] . By the way, in contrast with a fixed-fixed beam, the bending moment at the supporting points exists due to Coulomb friction at the rotating parts (for example bearing). Generally, such bending moment is very slight, but affects the buckling phenomenon very much [4] because of very low stiffness in the neighborhood of the critical buckling point. The Coulomb friction produces the continuous stable steady states in the regions which surround the branches of the pitchfork bifurcation in the case without Coulomb friction. In the present study, we investigate the effect of the high-frequency excitation on the buckled beam subjected to Coulomb friction. It is theoretically predicted that the high-frequency excitation shifts the stable region. In contrast with the stabilization of buckled clamped-clamped beam, the deflection cannot be zero, but decreased to infinite small because even if the stable region is shifted, the deflection is again included in the shifted stable region. Furthermore, we experimentally confirm the theoretically predicted behavior under the high-frequency excitation.
Analytical model and governing equation of buckling under high-frequency excitation
We set an inertial frame X Y as shown in Fig. 1 . A hinged-hinged beam subjected to the static compressive force P at the end mass m is set on the plate. There is a radial bearing at supporting point 
Perturbation analysis and modulation equation
We seek a third-order uniform expansion in the form as 
where is the first mode shape at the critical point in the case without excitation and Coulomb friction and the equation describing the deflection at the midpoint A is obtained from the solvability condition for 3
v as: 
Conclusions
In this research, the effect of the high-frequency excitation on the buckled beam is investigated. We apply the method of multiple scales to the governing equation and analyze the averaged equation expressing the slow dynamics. In particular, it is clarified from linear theory that the stable equilibrium region due to Coulomb friction existing at the supporting points is shifted in the high-frequency excitation.
